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DETAILED ACTION 

1. This Office action is in reply to Applicant's response and amendment dated April 1, 
2004. Claims 1-39 are now pending. 

Response to Arguments 

2. Applicant's arguments with respect to claims 1-36 have been considered but are moot in 
view of the new ground(s) of rejection. 

Applicant contends that neither Bharadwaj nor Moreno suggest or disclose generating a 
summary for each memory operation in the graph representation that indicates for each location 
type used in the procedure the closest preceding memory operation to affect that location type, as 
recited in amended independent claims 1,13 and 25 (see page 16). 

However, Ruf teaches a system for type-partitioned data flow analysis (see the title and 
abstract). As set forth below, Ruf discloses building a dependence graph that indicates the data 
or location type of each node and serves as a summary for determining the ordering of the nodes, 
i.e. the ordering of memory operations, based on type (see column 9, lines 40-49, and column 9, 
line 66 to column 10, line 21). The dependence graphs, which take the form of directed acyclic 
graphs, would indicate for each node or memory operation the closest preceding node or memory 
operation associated with that type. 

Claim Rejections - 35 USC § 103 

3. The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 
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4. Claims 1, 2, 5, 7-14, 17, 19-26, 29 and 31-39 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over U.S. Pat. No. 5,758,051 to Moreno et al. (hereinafter "Moreno") in view 
of U.S. Pat. No. 5,787,287 to Bharadwaj in view of U.S. Pat. No. 6,077,313 to Ruf 

With respect to claim 1 (currently amended), Moreno discloses a method for modifying 
serial dependencies in a procedure (see column 9, lines 38-45). 

Although Moreno discloses reordering memory operations and scheduling the associated 
instructions (see FIG. 2A), Moreno does not expressly disclose the steps of: 

(a) building a graph representation of said procedure, said graph representation having an 
origin and including a unique position, relative to said origin, for each memory operation in said 
procedure; 

(b) designating a location type for each memory operation in said graph representation; 
each said location type based on a characteristic of said corresponding memory operation; 

However, Bharadwaj discloses step (a) above in terms of building vectors to represent 
data dependency and control flow paths for instructions in a procedure (see FIG. 3 and column 3, 
lines 32-35; see also FIG. 2 and column 3, lines 50-56, which shows a control flow diagram or 
graph having an origin and a unique position for each memory operation). 

Bharadwaj further discloses step (b) above in terms of designating each memory 
operation according to its associated variable, i.e. its datatype, and classifying each instruction 
as a reader or a writer based on its characteristics (see column 4, lines 4-25). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
:vvas_madeJ;oj3iodify_the-Sys 
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purpose of determining whether reordering memory operations affects the meaning of the source 
code (see Bharadwaj, column 6, lines 40-43). 

Moreno does not expressly disclose the step of: 

(c) generating a summary for each memory operation in the graph representation that 
indicates for each location type used in the procedure the closest preceding memory operation to 
affect the location type; 

However, Ruf discloses building a dependence graph to represent each location type used 
in a procedure (see column 9, lines 40-49) and using the graph, a summary indicating the 
location type of each node, to determine the ordering of types and dependencies with data flow 
analysis (see column 9, line 66 to column 10, line 21). Note that the ordering would indicate for 
each node or memory operation the closest preceding node or memory operation for that type. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Ruf, for the purpose of 
partitioning the data flow analysis by location type to minimize the execution time and memory 
space requirements (see Ruf, columnlO, lines 31-58). 

Bharadwaj further discloses the step of: 

(d) identifying a first memory operation having the same location type as a second 
memory operation; wherein said first memory operation is positioned closer to said origin than 
said second memory operation, and said graph representation does not include any additional 
memory operations of the same location type between the first and second memory operations 
(see column 5, lines 3-5, which shows computing the dependency path vector between two 
instructions that operate on the same variable, i.e. that have the same location type; see also 
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column 4, lines 52-58, which shows that one memory operation comes before the other, i.e. that 
one memory operation is closer to the origin, and column 5, lines 5-10, which shows that no 
related instructions are included between the two memory operations). 
Moreno further discloses the step of: 

(e) moving said second memory operation to a new position in said graph representation 
that is closer to said first memory operation (see column 9, lines 55-67, which shows moving a 
second memory operation to an earlier position, i.e. closer to a first memory operation). 

With respect to claim 2 (original), although Moreno discloses moving memory operations 
in the schedule of instructions, thereby modifying serial dependencies (see column 9, lines 38- 
45), Moreno does not expressly disclose the limitations wherein: 

(a) the building step includes the step of assigning an initial set of serial dependencies 
between program operations represented in said graph representation; 

(b) the moving step includes (i) removing one or more of the serial dependencies in said 
initial set of serial dependencies that is associated with said second memory operation and (ii) 
creating a new serial dependency between said first memory operation and said second memory 
operation. 

However, Bharadwaj further discloses limitation (a) above in terms of computing an 
initial set of dependency path vectors between instructions (see column 6, lines 51-54). 

Bharadwaj further discloses limitation (b) above in terms of moving code, which removes 
serial dependencies, and computing a new set of dependency path vectors (see column 6, lines 
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It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Bharadwaj, for the 
purpose of determining whether reordering memory operations affects the meaning of the source 
code (see Bharadwaj, column 6, lines 40-43). 

With respect to claim 5 (original), Moreno further discloses the limitation wherein said 
moving step results in said second memory operation being advanced in a schedule of machine 
instructions (see column 9, lines 55-67, which shows moving a second memory operation to an 
earlier position, i.e. advancing the operation in the schedule of instructions). 

With respect to claim 7 (original), Moreno further discloses the limitation wherein said 
first memory operation is a store or an array store and said second memory operation is a load or 
an array load (see column 9, lines 63-67, which shows the case wherein the second memory 
operation is a load and the first memory operation is a store). 

With respect to claim 8 (original), Moreno further discloses the limitation wherein said 
procedure includes a calling procedure and said first memory operation is in said calling 
procedure and said second memory operation is in a called procedure that is called by an 
operation in said calling procedure (see column 9, lines 33-48, which shows scheduling all the 
instructions in a program, including those associated with a procedure called by another 
procedure; note that a calling procedure may include a first memory operation and a called 
procedure may include a second memory operation). 
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With respect to claim 9 (original), Moreno further discloses the limitation wherein said 
moving step results in a placement of said second memory operation in said calling procedure 
(see column 9, lines 33-48, which shows moving a second memory operation to an earlier 
position in the schedule of instructions; note that this applies to all the instructions in a program, 
and could result in moving a second memory operation from a called procedure to a calling 
procedure). 

With respect to claim 10 (original), Moreno does not expressly disclose the limitation 
wherein said location type of each memory operation is selected from the group consisting of a 
predefined set of base types, a predefined set of array types, object types, and object field types. 

However, Bharadwaj further discloses the limitation above in terms of identifying 
memory operations that reference a particular variable, i.e. memory operations associated with 
the same data type (see column 4, lines 4-15; note that the datatype or location type of a variable 
is necessarily selected from a predefined set of base types and array types, or from a set of object 
types and object field types defined in the code). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Bharadwaj, for the 
purpose of determining whether reordering memory operations affects the meaning of the source 
code (see Bharadwaj, column 6, lines 40-43). 

With respect to claim 1 1 (original), Moreno does not expressly disclose the limitation 
wherein the building step further comprises adding a global store dependency to each operation 
lrfsaid~procedure thai reads a variable from or stores a variable to memory. 
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However, Bharadwaj discloses computing dependency path vectors for each instruction 
that reads or writes a variable (see column 4, lines 4-15; note that a store dependency would be 
added to each operation following a store instruction that references the same variable). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Bharadwaj, for the 
purpose of determining whether reordering memory operations affects the meaning of the source 
code (see Bharadwaj, column 6, lines 40-43). 

Moreno further discloses the step of generating a schedule of machine instructions in 
accordance with said graph representation, wherein each said machine instruction in said 
schedule of machine instructions, which corresponds to an operation that reads a variable from or 
stores a variable to memory, is ordered in accordance with said global store dependency 
associated with said operation (see FIG. 1, which shows generating a schedule of instructions, 
and column 9, lines 59-67, which shows verifying that memory operations are ordered in 
accordance with a store dependency). 

With respect to claim 12 (original), Moreno does not expressly disclose the limitation 
wherein a first operation affects a value of a variable stored in memory and a second operation 
serially follows said first operation, said building step further comprising adding a global store 
dependency from said second operation to said first operation. 

However, Bharadwaj discloses the limitation above in terms of computing dependency 
path vectors for each instruction that reads or writes a variable (see column 4, lines 4-15; note 

that a store dependency would be added from a seco nd operation to a first operation whe n both 

instructions reference the same variable). 
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It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Bharadwaj, for the 
purpose of determining whether reordering memory operations affects the meaning of the source 
code (see Bharadwaj, column 6, lines 40-43). 

Moreno further discloses the step of generating a schedule of machine instructions in 
accordance with said graph representation, wherein said machine instructions in said schedule of 
machine instructions corresponding to said second operation are scheduled after said machine 
instructions corresponding to said first operation (see FIG. 1, which shows generating a schedule 
of instructions, and column 10, lines 50-60, which shows ensuring that instructions are executed 
in the order prescribed by the dependencies). 

With respect to claim 13 (currently amended), see the explanation for analogous claim 1 
above. Note that Moreno further discloses a computer program product for use in a computer 
system (see column 1, lines 18-22). 

With respect to claim 14 (original), see the explanation for analogous claim 2 above. 

With respect to claim 17 (original), see the explanation for analogous claim 5 above. 

With respect to claim 19 (original), see the explanation for analogous claim 7 above. 

With respect to claim 20 (original), see the explanation for analogous claim 8 above. 

With respect to claim 21 (original), see the explanation for analogous claim 9 above. 

With respect to claim 22 (original), see the explanation for analogous claim 10 above. 
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With respect to claim 23 (original), see the explanation for analogous claim 1 1 above. 

With respect to claim 24 (original), see the explanation for analogous claim 12 above. 

With respect to claim 25 (currently amended), see the explanation for analogous claim 1 
above. Note that Moreno further discloses a computer system comprising a memory and a 
processor (see FIGS. 3 and 5). 

With respect to claim 26 (original), see the explanation for analogous claim 2 above. 

With respect to claim 29 (original), see the explanation for analogous claim 5 above. 

With respect to claim 31 (original), see the explanation for analogous claim 7 above. 

With respect to claim 32 (original), see the explanation for analogous claim 8 above. 

With respect to claim 33 (original), see the explanation for analogous claim 9 above. 

With respect to claim 34 (original), see the explanation for analogous claim 10 above. 

With respect to claim 35 (original), see the explanation for analogous claim 1 1 above. 

With respect to claim 36 (original), see the explanation for analogous claim 12 above. 

With respect to claims 37-39 (new), Moreno does not expressly disclose the limitation 
wherein no known preceding memory operation in the procedure affects a location type, said 
summary- indieates-theorigm^^ ~~ 
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However, Ruf discloses building a dependence graph to represent each location type used 
in a procedure (see column 9, lines 40-49) and using the graph, a summary indicating the 
location type of each node, to represent the ordering of types and dependencies in a directed 
acyclic graph (see column 9, line 66 to column 10, line 21). Note that a node for which no 
known preceding memory operation affects its location type will be indicated as an origin for 
that location type in the ordered graph. 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Ruf, for the purpose of 
partitioning the data flow analysis by location type to minimize the execution time and memory 
space requirements (see Ruf, columnlO, lines 31-58). 

5. Claims 3, 4, 15, 16, 27 and 28 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Moreno in view of Bharadwaj in view of Ruf as applied to claims 1,13 and 25 above, 
respectively, and further in view of U.S. Pat. No. 6,016,398 to Radigan (hereinafter "Radigan 
398"). 

With respect to claim 3 (original), Moreno does not expressly disclose the limitation 
wherein said graph representation is an intermediate representation. 

However, Radigan 398 discloses the limitation above in a system for removing 
dependencies (see FIG. 2A, which shows creating an intermediate representation of a program 
comprising nodes for a graph), in order to ensure that each variable expression will be reached 
by at most one definition (see column 6, lines 56-61). 
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It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Radigan 398, for the 
purpose of ensuring the consistency of variable definitions. 

With respect to claim 4 (original), Moreno does not expressly disclose the limitation 
wherein said intermediate representation is a single static assignment graph embedded in a 
control flow graph. 

However, Radigan 398 further discloses the limitation above (see FIG. 4A, which shows 
determining the flow of control along each execution path, and FIG. 3 A and column 14, lines 14- 
16, which shows a corresponding graph; see also column 6, lines 56-61, which shows using static 
single assignment or SSA in order to ensure that each variable expression will be reached by at 
most one definition). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno and Bharadwaj with the features taught by Radigan 
398, for the purpose of ensuring the consistency of variable definitions. 

With respect to claim 15 (original), see the explanation for analogous claim 3 above. 

With respect to claim 16 (original), see the explanation for analogous claim 4 above. 

With respect to claim 27 (original), see the explanation for analogous claim 3 above. 

With respect to claim 28 (original), see the explanation for analogous claim 4 above. 
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6. Claims 6, 18 and 30 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Moreno in view of Bharadwaj in view of Ruf as applied to claims 1,13 and 25 above, 
respectively, and further in view of U.S. Pat. No. 6, 15 1,704 to Radigan (hereinafter "Radigan 
704"). 

With respect to claim 6 (original), Moreno does not expressly disclose the limitation 
wherein said first memory operation is positioned before a repetitive loop in said procedure and 
said second memory operation is within said repetitive loop; said graphic representation 
including a phi node that corresponds to a loop back position in said repetitive loop. 

However, Radigan 704 discloses the limitation above for the purpose of optimizing a 
loop in a computer program (see column 6, lines 3-11, which shows a memory operation within a 
loop and a memory operation prior to the loop; see also column 4, lines 32-36, which shows the 
use of phi functions or phi nodes to denote a merge point, such as a loop back position). 

Radigan 704 further discloses the limitations wherein: 

(a) when a memory operation having the same location type as said first and second 
memory operation exists in said loop, said new position in said graph representation is a position 
that is serially dependent upon said phi node (see column 6, lines 3-11, which shows determining 
whether a memory operation writes to a variable referenced by the first and second memory 
operations, and thus has the same location type and is dependent upon the phi node); and 

(b) when a memory operation having the same location type as said first and second 
memory operation does not exist in said loop, said new position in said graph representation is a 
position that js_not.serially_dependent_on-any. operation jn_theJoop-(seexolumn.6,Jines-3^U, 
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which shows determining whether a memory operation is not within the loop and thus is not 
dependent upon instructions in the loop). 

It would have been obvious to one of ordinary skill in the art at the time the invention 
was made to modify the system of Moreno with the features taught by Radigan 704 , for the 
purpose of optimizing loops in a computer program. 

With respect to claim 18 (original), see the explanation for analogous claim 6 above. 

With respect to claim 30 (original), see the explanation for analogous claim 6 above. 



7. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, TfflS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 .136(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1 .136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 



Conclusion 
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examiner should be directed to Michael J. Yigdall whose telephone number is (703) 305-0352. 
The examiner can normally be reached on Monday through Friday from 7:30am to 4:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tuan Q. Dam can be reached on (703) 305-4552. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 
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